Background
Cystatin C (cC) is a 120-amino acid, 13-kDa protein which belongs to the family of cysteine protease inhibitors [1] . CC is produced at a constant rate by nucleated cells (eg, cells of the immune system) [2] . CC is freely filtrated in the glomerulus and then reabsorbed and almost completely catabolized in the proximal renal tubule [3] ; therefore its concentration in serum reflects the glomerular filtration rate (GRF) [4] . When compared to serum creatine level, cC seems to be less influenced by age, sex, muscle mass, and height [5] [6] [7] and it has therefore been proposed as an excellent marker of renal function. However, literature data concerning the impact of endogenous conditions other than renal function on cC concentration are conflicting; some of them indicated that its concentration is not influenced by infection or inflammatory diseases [8] . Others suggested that both inflammation and infection affect cC concentration. CC concentration in elderly persons without chronic kidney disease correlates with inflammatory markers like C-reactive protein (CRP) [9] , interleukin-6 (IL-6), tumor necrosis factor a (TNF-a) and TNF-a-soluble receptors [10] . Chronic kidney disease is accompanied by chronic inflammation triggered by uremic toxins and recurrent acute inflammation caused by hemodialysis [11] . Warfel et al showed that LPS and interferon-g (INF-g) down-regulate release of cC by monocytes and macrophages [12] . On the other hand, cC inhibits macrophage response to interferon-g [13] . cC blocks transforming growth factor b (TGF-b) activity [14] , and an adverse feedback has also been observed [15] . The aforementioned information indicated that cC can act as a modulator of specific immune response, but there is little data on its connection with unspecific immunity. cC inhibits the growth of bacteria and virus replication [16, 17] and interacts with C4, significantly inhibiting the lytic activity of the classic complement pathway and preventing formation of C3 convertase [18] . The modulatory effect of cystatin C on the chemotactic activity of neutrophils has also been shown [19] . In addition, cC influences the immune system and inflammation affects cC release from immune cells.
The aim of our study was to investigate whether a high concentration of cC characteristic for patients with chronic renal failure could influence neutrophil ability to undergo apoptosis and respiratory burst, and also whether proinflammatory cytokines such as IL-1b and TNF-a affect cC secretion from neutrophils.
Material and Methods

Subjects
The study involved 35 healthy volunteers (18 women and 17 men, median age 58, range 27-61) with glomerular filtration rate (GFR) >90 (ml/min/1.73) m 2 estimated using a 4-variable modification of diet in renal disease equation (MDRD-4) as neutrophil (PMN) donors. Fifteen end-stage renal disease (ESRD) patients (7 women and 8 men, median age 63, range 24-71, MDRD-4 <15 (ml/min/1.73) m 2 ) before the start of dialysis treatment served as blood serum donors. Inclusion of ESRD patients into this study was intended to evaluate the concentration of cC in uremic condition and used the same concentration of cC in cultured PMNs isolated only from healthy volunteers.
Informed consent was obtained from all donors. The protocol of the study was approved by the Regional Commission for Ethics in Research (RNN 156/05/KB).
Cells isolation
PMNs were isolated from heparinized peripheral blood drawn from healthy donors using density gradient centrifugation on Polymorphprep (Axis-Shield PoC As, Norway) at 450 × g at room temperature for 30 min. The lower phase, containing mainly PMNs and residual erythrocytes, was treated with hypotonic erythrocyte lysis solution. The PMNs were washed twice and resuspended in PBS.
Cell purity and viability were determined by May-Grűnwald-Giemsa staining and Trypan blue exclusion test, respectively. Experiments were conducted on populations of PMNs with purity and viability not lower than 98%.
Culture of neutrophils
PMNs were cultured at 1×10 6 /ml in RPMI 1640 containing 10% fetal calf serum (FCS), 100 U of penicillin and 100 µg/ml of streptomycin in humidified atmosphere with 5% CO 2 at 37°C. Then, the above mentioned PMNs suspensions were incubated in the presence of 5 ng/ml of IL-1b (Sigma Chemical Co., St. Louis, MO) or 100 ng/ml of TNF-a (Sigma Chemical Co., St. Louis, MO) or 10 µg/ml of cC (Alexis Biochemicals, San Diego, CA) in 24-well culture plates. The concentration of cC used in experiments was assessed on the basis of its concentration determined in the serum of ESRD patients (cC =9.87±2.51 µg/ml, n=15). Control samples formed PMNs suspensions incubated in the absence of IL-1b, TNF-a and cC. After 18 hours, the culture supernatants were collected and stored at -80°C for further analysis with Elisa tests. PMNs were harvested by washing the wells with cold PBS and then washing twice.
Our results were concordant with literature data concerning cC concentration [20] .
Assessment of neutrophil apoptosis
PMNs ( both generated in response to caspase-3 activity and indicates morphological changes of the nucleus in the cells undergoing apoptosis. PMNs mounted onto a slide were observed under a fluorescence microscope using FITC and Texas-red filters.
Measurement of chemiluminescence (CL)
The measurement of CL was performed with a Luminometer 1251 (BioOrbit linked to an IBM PC AT).
CL response of PMNs to cC (10µg/ml) and its influence on chemiluminescence activated by fMLP (Sigma Chemical Co., St. Louis, MO) (1 nmol/ml), PMA (Sigma Chemical Co., St. Louis, MO) (200 ng/ml) or OZ (Sigma Chemical Co., St. Louis, MO) (0.3 mg/ml) were detected. Cells were preincubated with cC for 30 min and then washed with PBS. The PMNs CL was enhanced with luminol (Sigma Chemical Co., St. Louis, MO) diluted with 0.4% solution of NaOH to the concentration of 5 mg/ml. The test was conducted at 37.0±0.1°C. Each of the studied samples contained: 2×10 5 PMNs, 20 µl of luminal, and/or 2 µl of cC, 20 µl of fMLP, 30 µl OZ, and 20 µl of PMA. The samples were brought to a final volume of 1 ml with PBS.
The opsonization of zymosan was performed by suspending zymosan in the solution of PBS with autological plasma 1:1 (v/v). Then, the samples were incubated at 37.0°C for 30 min and centrifuged. After washing, zymosan was suspended in PBS and stored at a concentration of 10 mg/ml.
Each measurement was conducted in duplicate during 30 min. The CL was defined as the area under the light emission curve in the function of time (30 min). The area reflects the entire emission of light by the cells during the measurement [21] .
Quantification of surface molecules expression
The expression of CD90 (Fas) (Ancell Corporation, Bayport, MN, USA) and CD95L (Fas-L) (Ancell Corporation, Bayport, MN, USA) were estimated using commercial direct monoclonal antibodies according to the manual. PMNs (10 5 /100 µl) harvested from culture were washed and incubated with 80 µl of mouse anti-human CD95/FITC or anti-human CD95L/FITC monoclonal antibodies on ice in the dark. Appropriate isotype control (IgG/FITC, Ancell Corporation, Bayport, MN, USA) was prepared in each experiment.
Median fluorescence intensity (MFI) of the positively stained cells was detected by flow cytometry (FACScan flow cytometer, Becton Dickinson, San Diego, CA).
Assessment of cC concentration
cC concentration were determined in supernatants obtained from cultures carried out in the presence of IL-1b (5 ng/ml) or TNF-a (100 ng/ml). Quantification of cC (human ELISA Kit, Alexis Biochemicals, San Diego, CA) was performed by using immunoenzymatic methods according to the manufacturer's instruction. Optical density was measured using a Diagnostics Pasteur LP 400 ELISA reader. All assays were conducted in duplicate and the concentrations were determined on the basis of the standard curves.
Statistical analysis
The results are expressed as the median, minimum and maximum in the text, and the lower and upper quartiles are shown in figures. The Mann-Whitney U test was used for comparison of the differences between unpaired groups, and the Wilcoxon test was used to compare different kinds of treatment of the same sample (paired groups). Statistical significance was assumed at P value <0.05. Thirty min preincubation of PMNs with cC ( Figure 5 ) significantly (*p<0.04) diminished their spontaneous burst response (from 166 mV·min to 148 mV·min), also in comparison to that stimulated by fMLP (from 777 mV·min to 582 mV·min,** p<0.01) and PMA (from 1857 mV·min to 1580 mV·min, ***p<0.007). cC did not significantly change chemiluminescence of PMNs stimulated by OZ.
The presence of IL-1b in culture of PMNs significantly (*p<0.002) diminished cC concentration in Figure 1 . Influence of cC (10 µg/ml), IL-1β (5 ng/ml) and TNF-α (100 ng/ml) on the percentage of apoptotic PMNs after 18 hours of culture. Figure 6 ). discussion End-stage renal disease patients exhibit abnormally high incidence of bacterial and viral infections, which are the main cause of their morbidity and mortality [22, 23] , as a result of paradoxical coexistence of immune deficiency with activation a major part of the immune system [24] . It is believed that uremic toxins, including a new one -cC [25] , are responsible for this dysregulation.
PMNs are short-lived cells that are cleared from the bloodstream by apoptosis. Tight regulation of PMNs life span is a crucial mechanism maintaining immune system homeostasis. Extended PMNs life span may lead to chronic inflammation, but shortened PMNs life span may enhance susceptibility to infections [26] .
In the present study we have shown that cC in the concentration of 10 µg/ml decreased the apoptosis rate of PMNs. There are no data in the literature describing the influence of cC on the ability of PMN to undergo apoptosis, but a growing body of evidence supports the notion that uremia modulates this ability [27] . The final effect exerted by uremic plasma on PMN apoptosis seems to be dependent on the composition and concentrations of a wide range of compounds recognized as uremic toxins accumulated in Figure 2A . Influence of cC (10 µg/ml), IL-1β (5 ng/ml) and TNF-α (100 ng/ml) on Fas expression on surface of PMNs after 18 hours of culture. Caspase-3 and sulforhodamine101-annexinV after 18 hours of culture. The image shows 3 features of apoptosis: phosphatidylserine translocation (red fluorescence), active form of caspase -3 and chromatin condensation (green fluorescence) (magnification ×200). The photo was taken using Jenalumar fluorescent microscope (Carl Zeiss, Jena).
Clinical Research Med Sci Monit, 2012; 18(11): CR667-673 the blood. In vitro studies have shown that PMN from uremic patients undergo accelerated apoptosis [28] [29] [30] and uremic plasma obtained from dialyzed patients accelerates apoptosis of PMNs from healthy donors [31] .
Hampering effects of cC on PMN apoptosis can result from its inhibitory influence on cathepsin activity. Increasing evidence suggests that lysosomal enzymes are important mediators of apoptosis. Cathepsins can trigger apoptosis by numerous pathways -they can directly induce cytochrome c release, formation of mitochondrial reactive oxygen species (ROS) [32] , activation of caspase-3 [33] and pro-apoptotic proteins [34, 35] .
PMN apoptosis can be induced through 2 pathways -the intrinsic mitochondrial pathway activated by intracellular signals such as ROS or DNA damage, which is a normal turnover of aging cells in tissues; and the extrinsic pathway activated by Fas/FasL interaction or TNF-a ligation to its receptors.
Jaber et al. showed that uremic serum increased expression of Fas and FasL and accelerated PMN apoptosis, suggesting that uremic toxins were responsible for those effects [36] .
Our results showed that cC downregulated PMN apoptosis without direct influence on the Fas/FasL pathway. There were no differences in Fas and FasL expression on PMNs cultured with the presence of cC compared to expression in control cells.
PMNs die even in the absence of any extracellular stimuli (in our study the control cells reached 70% of apoptotic PMNs), but regardless of apoptotic intrinsic or extrinsic pathways (both of which converge to a common execution phase of apoptosis) it requires the activation of caspase-3 as an early event of this process. Although, in our study we showed the expression of the active form of caspase-3 in apoptotic PMNs, we did not find differences in its expression in PMNs cultured in the presence or absence of cC, IL-1b and TNF-a.
In contrast to cC, there is much data describing the mechanisms by which IL-1b prevents and TNF-a induces neutrophil apoptosis. Results of our study are consistent with the available literature reports, indicating that the percentage of apoptotic PMNs treated with IL-1b was significantly lower in comparison to control PMNs or PMNs cultured in the presence of TNF-a. Inhibition of apoptosis by IL-1b is a complex process and is dependent both on the favorable influence of IL-1b on the expression of anti-apoptotic Bcl2 family proteins or Toll-like receptor (TLR) and caspase-3 downregulation [37] . In our study, PMNs apoptosis stimulated by TNF-a was significantly higher in comparison to PMNs cultured in the presence of cC or IL-1b. However, PMNs apoptosis in the control group (70%) was even greater than in PMNs treated with TNF-a (58%), which is the major extrinsic mediator of the apoptosis. An explanation of this fact derives from the dual role of TNF-a, which may exert both pro-apoptotic and anti-apoptotic effects, depending on the neutrophils' in vitro assay condition [38] .
There are strong suggestions that neutrophil longevity depends more on redox status of the cells and ROS accumulation than on death receptor ligation [39] . The high frequency of bacterial infections in patients with chronic renal disease suggests that their ability to generate ROS and to kill bacteria may by impaired by uremia. Conflicting results demonstrating increase [40] , lack of relevant changes [41] [31] suggests that intensity of ROS production in uremic patients is the result of the influence of huge number of diverse uremic toxins on PMN activity. There is only 1 paper, by Leung-Tack et al., describing the inhibitory effect of cC on PMN respiratory burst in response to opsonized zymosan [42] . We revealed that cC reduced not only fMLP-and PMA-induced ROS production, but also the spontaneous one. Recent publications have shown that ROS overproduction by neutrophils in response to fMLP and PMA is accompanied by activation of protein kinase Cd [43, 44] mediated by caspase-3 [45] . Other authors also stated that lysosomes and cathepsins B [46] , whose activity is inhibited by cC, are involved in this process. Zhao et al. proved that lysosomal rupture and cathepsins release stimulated mitochondrial ROS production, membrane permeability and cytochrome c release followed by apoptosis [47] . The role of lysosomes and cathepsins in neutrophil apoptosis was supported by recently published papers [48] [49] [50] .
conclusions Recapitulating all the above-mentioned facts, we suggest that cC may diminish spontaneous as well as fMLP-and PMAinduced ROS production by inhibition of cathepsins activity. The same mechanism may be responsible for the decreased apoptotic rate of neutrophils cultured in the presence of cC.
We also examined whether the main proinflammatory cytokines, such as IL-1b and TNF-a, influenced cC release from PMNs. We found that IL-1b and TNF-a exerted opposite effects on cC release from cultured PMNs. These results suggest that, in spite of the fact that cC gene is referred as a "housekeeping gene", PMNs synthesize cC with constant rate and, inflammatory cytokines can influence only its release from PMNs to extracellular milieu.
Taken together, inflammatory cytokines influence the ability of PMNs to release cC, and cC can modulate acute inflammation through up-regulation of PMN longevity and inhibition of their respiratory burst.
We hypothesize that the inhibition of PMN apoptosis and ROS production observed in our experiments results from the inhibitory activity of cC towards cathepsins, and that high concentration of cC in patients with chronic renal disease is the effect of kidney failure and of inflammation coexisting with this state.
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